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Published online: 7 November 2018 # Indian Society of Gastroenterology 2018 In this issue of the Indian Journal of Gastroenterology, the group of Ghoshal et al. [1] present data of a randomized, placebo-controlled study targeting the gastrointestinal (GI) microbiome in patients with chronic constipation that demonstrates remarkable effects and at the same time has explored the potential mechanisms of action.
Enabled by breakthrough new sequencing technologies and innovative computational capabilities, there has been a whole new world of microbiome research. The large number of peer reviewed publications with the key word Bgut microbiome^suggests that there is a tsunami of new knowledge related to the GI microbiome but thus far not much has translated into clinical practice. Beyond doubt, the unprecedented growth in research related to the human microbiome that has conquered virtually all areas of medicine is adding substantial knowledge in our understanding of many disease processes. The microbiome is believed to be key for the manifestation for many highly prevalent diseases including immune-mediated, metabolic and malignancies [2] . Treatments targeting the GI microbiome may be considered the holy grail of more effective treatments for many diseases. Indeed, three decades ago, the publication of a controlled trial that targeted a bacterium named Campylobacter (now Helicobacter) pylori in order to cure peptic ulcer disease [3] can be seen as the front runner of microbiome targeted interventions.
As of today, a Google search will return in excess of 7 million hits and PubMed will return nearly 50,000 publications with the search term Bmicrobiome.^On the other hand, microbiome-related discoveries that have resulted in paradigm shifts in regard to evidence-based treatments are as yet, rare. Fecal microbiota transplantation (FMT) in chronic or relapsing clostridium difficile infection (CDI) is such an example. Based upon a systematic review and meta-analysis [4] , FMT from a healthy donor into an individual with CDI can resolve symptoms and seems efficacious and safe for the treatment of recurrent CDI. In addition, FMT with encapsulated stool preparations of healthy donors have been tested with success [5] . Other indications tested with thus far mixed results include, e.g. ulcerative colitis (UC), Crohn's disease, irritable bowel syndrome, or constipation. Despite variation in processes, targeting the GI microbiome with FMT appears to be effective, e.g. for induction of remission in UC and the gain over placebo was approximately 20% [6, 7] . However, thus far with the exception of H. pylori-eradication treatments, therapies that target the microbiome in an individualized approach are not available and the emerging knowledge of the GI microbiome has not changed the management of highly prevalent GI diseases in the routine clinical setting.
Constipation is a highly prevalent condition in India [8] and other parts of the world [9] and better treatments are beyond doubt needed. Constipation can be defined as Bunsatisfactory^defecation with infrequent stools, difficult passage, or both [10] . With regard to pathophysiology, the disorder is frequently categorized into primary and secondary. Primary causes are alterations of colonic or anorectal function, while secondary causes are related to extraintestinal or systemic disease or chronic adverse effects of medications [11] . In a population-based study in the USA, out of 10,000 respondents, 328 met the criteria for constipation predominant irritable bowel syndrome (IBS-C) and 552 for chronic constipation. It can be estimated that approximately one third of patients with symptoms of chronic constipation seek medical attention [12] . Chronic constipation can severely affect patients' life, reduce or impair work productivity and social activities of affected individuals. Constipation was reported to be extremely/very bothersome in 72% of IBS-C respondents and approximately 50% chronic constipation patients [13] . Overall, GI symptoms disrupted productivity, a mean of 4.9 days per month in IBS-C respondents, 3.2 in chronic constipation patients with abdominal symptoms [13] . Thus, these chronic conditions are not only highly prevalent, but have a substantial negative effect on the quality of life in affected patients. Unfortunately, current treatments for constipation are poor [14] and this might be reflected by the disease burden. In the USA, it is estimated that the financial burden to the health care system equals $7 billion and more than $500 million is spent on prescription and non-prescription medications [12] . There are many high-profile placebo-controlled studies exploring new treatment approaches in patients with constipation [15] [16] [17] . However, there is as yet no perfect treatment for constipation.
Several therapeutic approaches exist for the management of chronic constipation that range from diet, over-the-counter stool softeners, bulking agents, classic laxatives, or recently developed pharmaceutical options [18] that provide some relief of constipation symptoms according to both objective and subjective measures [19] . Understandably though, fiber supplementation is the backbone of treatments in patients with chronic constipation or IBS-C [20] . These dietary fiber interventions, particularly those providing galacto-oligosaccharides, can lead to higher fecal abundance of Bifidobacterium and Lactobacillus spp. but do not change α-diversity [21] . However, this has been shown to improve GI symptoms [21] . On the other hand, following administration of fermentable sugars (with subsequent hydrogen and methane breath tests), GI symptoms frequently occurred and were associated with an increased hydrogen and methane gas production [22] . Indeed, a diet with reduced exposure to Fermentable Oligo-, Di-, Mono-saccharides and Polyols (FODMAP) may be effective in short-term management of selected patients with IBS-C but thus far, evidence is poor to fair based upon a recent systematic review [20] .
Other data suggested that interventions targeting the GI microbiome with probiotics might be beneficial [23] , with a recent meta-analysis of trials in elderly subjects showing Bifidobacterium longum was the most frequently used probiotic, and also suggesting that probiotics per se were effective [24] . However, there is substantial heterogeneity in relation to study designs, populations, and the risk of bias, which were also acknowledged. Therefore, data from more systematic and controlled studies are still required to determine the most efficient strains, doses, and the optimal treatment duration [24] .
While many treatments for constipation appear to be efficacious and provide some gain over placebo in the short-term, it needs to be noted that for virtually all treatments, and in particular, novel pharmacologic therapeutic approaches including secretagogues [18] , long-term data are lacking. This is important since it has been well demonstrated that significant numbers of patients are dissatisfied with the treatments available [25] even though they may have worked initially. Thus, while constipation might be seen by some as Btrivial,î t is actually a Btricky^problem in the clinical setting and many patients seeking medical attention do not have longterm relief with available treatment options. Previous studies have shown that the presence of methanogens is associated with chronic constipation and methane production after a carbohydrate challenge and its prevalence is higher in chronic constipation with slow colonic transit as compared to those with normal transit (even though stool characteristics were similar in both groups) [26] . Methane production correlated with colonic transit, suggesting an association with stool transport but not with stool characteristics.
The study by Ghoshal and colleagues [1] presented in this issue used a completely different approach by modulating the GI microbiome and more specifically methane-producing archaea with an antibiotic. These new data published by Ghoshal et al. must be seen against the background of microbiome data that suggest that the GI microbiome is Brelated^to numerous diseases including constipation [27] . Contrasting this, there are very limited data that provide insights about the mechanism of other interventions that target the GI microbiome.
There is now emerging evidence that specific microbesand in particular methanogenic archaea-are associated with constipation and IBS-C [28] . A systematic review and metaanalysis of nine studies [29] showed breath methane positivity was more common in patients with functional constipation or IBS-C compared to non-constipated controls. Furthermore, there is experimental [30] and clinical evidence that methane is likely capable of slowing the intestinal transit [26, 29] , implying that it may be responsible for the constipation. Other studies with human subjects have shown that slow intestinal transit may also facilitate growth of methanogenic bacteria [31, 32] . A prospective study [33] , utilizing lactulose breath test found methane as a strong diagnostic test in predicting IBS-C, with a sensitivity of 91% and a specificity of 81.3%. In that context, Kim et al. [34] demonstrated that Methanobrevibacter smithii is the most prevalent and abundant methane-producing microbe in IBS-C subjects, whereas these same archaeal lineage is commonly depleted in Crohn's disease patients [35] . Thus, the cause-versus-consequence relationship(s) between methane production and constipation remain poorly defined, but once established, may lead to new options to personalize medicine targeting the GI microbiome. For example, might the enrichment of the gut microbiome with specific anaerobic methanogens improve the symptoms of patients suffering from chronic (functional) diarrhea? Antibiotic therapy might have relatively nonspecific effects. In non-constipated IBS patients, treatment with rifaximin resulted in some changes of the overall composition of the stool microbiota by reducing abundance of Clostridium and increasing the presence of some species, such as Fecalibacterium prausnitzii. There was also a decrease in the Firmicutes/Bacteroidetes ratio and a higher biodiversity after treatment [36] . On the other hand, production of methane is not directly related to bacteria. Prokaryotes forming the domain of Archaea, comprise anaerobic methanogens such as Methanobrevibacter smithii, Methanobrevibacter oralis, Methanobrevibacter massiliense, Methanosphaera s t a d t m a n a e, M e t h a n o b re v i b a c t e r a r b o r i p h i l u s , Methanobrevibacter millerae, and Methanomassiliicoccus luminyensis [37] . Methanogens specifically metabolize hydrogen produced by anaerobic fermentation of carbohydrates into methane.
Ghoshal and co-workers demonstrated in their landmark study [1] that treatment with the antibiotic rifaximin reduced methane production and resulted in an improvement of colonic transit time and constipation symptoms. While it is possible that this is not due to a direct antibiotic effect (e.g. rifaximin impairs function of methanogens) but meditated by an overall change in the microbiome composition and metabolic functions. This needs to be kept in mind when the data are interpreted and conclusions drawn and future follow up studies designed. Considering the huge opportunities to develop novel and more effective treatments for constipation that target a root cause for slow transit, the study by Ghoshal et al. [1] paves the path for a paradigm shift in relation to the treatment of patients with constipation. This study provides evidence that the link between altered gut symptoms and the GI microbiome is not Bjust^an association and interventions targeting the microbiome can alter gut function and ultimately improve symptoms. We need to be aware that antibiotic therapy may come with some limitations; this however should not distract from the fact that this study is likely to change the way how we will treat constipation in the not too distant future in selected subgroups of patients. Thus, personalized medicine for a subgroup of patients with constipation targeting specifically GI methane production as the pathophysiological mechanism is just around the corner.
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